This paper examines whether the introduction of government consumption expenditure in a standard one good model of the international real business cycle i s sucient to reconcile the theory with the existing pattern of international consumption and output correlations. I calibrate the model to two dierent pairs of countries and generate the simulated distribution of consumption and output correlations implied by s everal specications of the model. It is shown that the model can account for existing international consumption correlations only under very specic assumptions about the size of eect o f government expenditure on agents' utility or the variability of government expenditure shocks. Crucial parameters are identied and the sensitivity of the results discussed.
In a recent paper Deveraux, Gregory and Smith (DGS) (1992) have argued that existing cross country consumption correlations are at odds with the properties of a o ne good, stationary, ArrowDebreu model. In that economy when agents have identical and homothetic preferences, cross country private consumption correlations are perfect in the face of idiosyncratic output uctuations. This is because with markets for all dates and a l l states of the world agents of each country can perfectly i nsure themselves by writing contingent claims so as to eliminate individual idiosyncratic risk and bear only aggregate (nondiversiable) risk. DGS report consumption correlations across a number of countries using dierent d etrending transformations designed to extract the cyclical component of private consumption. They nd that correlations are signicantly dierent from one, in some cases quite low and f o r all countries considerably lower than output correlations. Backus, Kehoe and Kydland (BKK) (1992), Baxter and Crucini (1993) and Canova and Ravn (1996) , among others, have documented a similar pattern using dierent data sets, dierent time periods and dierent estimation techniques.
The large discrepancy of the theory from the data has prompted Backus, Kehoe and Kydland (1995) to term the magnitude of cross country consumption correlations relative to output correlations as one of the major unexplained puzzles of the international business cycle literature. The relatively low value of the consumption correlation has also generated substantial discussion in policy circles where it has been suggested that there is a need for international government institutions providing additional risk sharing arrangements for agents of dierent countries (see e.g. Persson and Tabellini (1996) ). To reduce the discrepancy between theory and data and better understand why a ctual economies deviate from the simple Arrow-Debreu paradigm, the standard one good model has been extended in several dimensions. For example, Stockman a nd Dellas (1989), Tesar (1993) and Van Wincoop (1993) have i n troduced n o n-traded goods; DGS (1992) have modied the preference specication commonly used in the literature; Kollman (1995) and Baxter and Crucini (1995) have i n troduced capital controls or incomplete markets. While the rst two modications have been partially successful, limiting trade in nancial assets has failed to produce the rela-tive ordering of international consumption and output correlations and the a bsolute magnitude of cross country c o nsumption correlations we observe in the d a t a unless the discount factor of the representative agent is also endogenized.
In this paper I examine whether one alternative modication of the basic model is more successful in quantitatively reproducing the behavior of actual data. I introduce a government sector in the economy and examine the eects of government expenditure shocks on international consumption a nd output correlations. Several studies, including Aiyagari, Christiano, Eichenbaum (1992), Christiano and Eichenbaum (1992) and Baxter and King (1993) , have examined the eects of government consumption expenditure in closed economies. Van Wincoop and Marrinan (1996) extended the analysis to open economies by studying the implications of government spending and taxation for private and public cross country savings and investment d e cisions. has studied how government expenditure disturbances are transmitted across countries. It is therefore worthwhile to examine whether the presence of government consumption expenditure in the model is an important element to understand the pattern of international private consumption correlations. If this modication is proved successful in quantitatively reproducing the features of actual data we are interested in, it may also provide rationale for models of international risk sharing where a countercyclical government expenditure helps to insure, directly or indirectly, domestic consumers from imported shocks.
The model features a single good, which i s p roduced in both countries, and a government s e ctor which consumes a fraction of the goods produced in its own country. Government expenditure provides utility t o domestic agents in the form of a ow of services from the goods which are consumed. Government expenditure shocks therefore have two t ypes of e ects: a \wealth" eect through the budget constraint and a \substitution" eect through the u t ility function of the representative agent. Although these two eects produce dierent dynamics for investment, labor supplies and outputs, they both g o i n t h e d i r ection of generating negative c o r relations between changes in government consumption and changes in private consumption. Because government consumption expenditure and private consumption are imperfect substitutes in utility and because the ow o f s ervices government e x p e n d i ture generates cannot b e r e l o c a t ed internationally, i t e s -sentially plays the role of a non-traded consumption good. Therefore, disturbances to government expenditure drive a wedge between the time prole of domestic and foreign c o nsumptions. This reduces international private consumption correlations even when international nancial markets are complete since risk sharing pertains to full consumption (private plus government consumption), and may in principle help to account for the low international consumption correlations we observe in actual data. Note that the specication used here diers from Stockman and Tesar (1995) who use private t a s te shocks to produce the substitution type of eects discussed above and from BBK (1993) who consider only the wealth eect of g o vernment shocks via the budget constraint.
Although the mechanism just described is appealing, the crucial question I address in this paper is whether realistic government expenditure processes are quantitatively able to bring simulated private international consumption correlations in the range of what we observe in the data and replicate the relative magnitude of international consumption and output correlations. To answer this question I calibrate the model to two dierent pairs of countries (US vs. Canada and US vs.
Europe) and, as in DGS (1992), I generate the simulated distribution of cross country consumption and output correlations implied by dierent specications of the model. In order to compute meaningful cross country correlations, it is necessary to render the series s t ationary. Because existing evidence and available econometric technology do not allow us to condently c hoose one procedure over another (on this point, see Canova (1993) ), I study the implications of the model for international consumption correlations using three alternative detrending procedures, each of which i s applied both to actual and simulated data.
I show that when government consumption provides utility enhancing services for domestic agents, a model where government shocks are the only disturbances in the economy h a s some potential to reproduce the cross sectional range of i n ternational consumption and output correlations we observe i n t he data, regardless of the detrending method employed. To d o s o, however, we need a suciently high level of substitutability b e t ween private consumption and government c o nsumption, above the value estimated by K o r mendi (1983) or Ashauer (1985) . However, when government consumption expenditure does not aect utility o f domestic agents, there is no specication o f t h e model that can reproduce the pattern of international consumption a nd output correlations we s e e 2 SOME EMPIRICAL EVIDENCE 4 in the data (consistent with the results of BBK (1995)). These results are not too sensitive t o the size of the countries or to alternative settings o f some unmeasured parameters within a reasonable range. There are however t wo crucial parameters (the r i s k aversion parameter and the parameter of the adjustment cost function) which determine both the shape and the location o f the simulated distribution of consumption and output correlations. By pinning down these parameters with more precision we may therefore improve o u r understanding of the properties of these models for the question o f interest. Finally, I demonstrate that when both government and productivity disturbances are present, the variability of government expenditure disturbances must be about 100 times larger than what we see in the data and about 25 times larger than the variability of productivity disturbances for the model to come close to reproduce existing cross country c o r relations for each pair o f countries we consider.
The p a p er is organized as follows. The next section presents empirical evidence concerning the size of international consumption and output correlations and discusses some issues connected with measurement errors in consumption. Section 3 presents the model and section 4 discusses its calibration. Section 5 presents the results and section 6 concludes.
Some Empirical Evidence
The characteristics of international consumption and output correlations are, by now, well documented and understood (see e.g. BKK (1992), DGS (1992) or Canova and Ravn (1996) ). In this section I therefore only briey outline the general features of the phenomenon and discuss some issues connected with the presence of measurement error in c onsumption data.
Since both consumption and output data appear to be nonstationary and not cointegrated, a meaningful bilateral cross country correlation analysis can be computed only after trends are removed from the series. The existing literature has proposed several w ays to decompose a series into trend and cycle, all of which are reasonable given existing time series technology and the available data samples. Canova (1993) emphasizes that dierent detrending methods induce substantially dierent moments for the cyclical component o f t he data. In particular, he shows that both the absolute a n d r elative m a gnitude of variabilities, the size of the correlations with GNP and the size and the pattern of impulse responses are all sensitive to the c hoice of trend removal procedure.
To e xamine whether the quantitative ability o f the model to replicate the data depends on the procedure used to remove the trend, I examine three detrending approaches: the rst removes a linear trend (LT lter), the second a stochastic but smooth trend (Hodrick a nd Prescott (HP) lter with = 1600) and the third a stochastic unit root t r e n d (rst order dierencing (FOD) lter). As noted in Canova and Ravn (1996) , each of these methods leaves cycles of dierent average duration in the data: LT ltering leaves cycles of average duration of about 8-10 years in the data, HP ltering cycles of average duration of about 4-6 years and F OD ltering cycles of average duration of about 2-3 years. Therefore, b y comparing the results across detrending methods, we not only perform a b asic sensitivity analysis needed because the properties of the trend are unknown, but also study the strength of the cross country association of consumptions and outputs for cycles of dierent duration. Table 1 reports pairwise consumption correlations for 9 OECD countries. Panel A c o n tains the results for LT ltered data, Panel B for HP ltered data and Panel C for FOD ltered data. In each panel, the standard deviations of the correlations are in parenthesis. Table 2 reports the same information for pairwise output correlations. The data and their sources are described in detail in the appendix. Table 1 shows several interesting regularities. First, the size of the cross country consumption correlation does change with the detrending method: it is higher when the cyclical component con- The fact that international consumption correlations are signicantly dierent from one is n ot per-se to be taken as a rejection of the complete market Arrow-Debreu assumption. If f a c t o rs other than consumption of tradables aect utility (e.g. home production or leisure), theoretical consumption correlations will be dierent from one as explained in Canova and Ravn (1996) . The puzzle concerns the size of consumption correlations relative to output correlations. Comparing tables 1 and 2 we see that consumption correlations are always lower than output correlations when the HP lter is used to detrend the data (median values 0.282 and 0.412 respectively). However, with the other two lters, there are many cases where consumption and output correlations are similar in magnitude (and statistically not signicantly dierent) and in some cases consumption correlations even exceed output correlations (in particular, with LT method). This suggests that the relative magnitude of cross country consumption and output correlations changes across frequencies: on average consumption correlations are larger than output correlations for cycles of 8-10 years, they are smaller for cycles of 4-6 years and approximately of the same magnitude for cycles of 2-3 years.
Although the basic features of the consumption correlations presented appear to be robust within each panel, one should be very careful in viewing them as established empirical regularities which should be rationalized by a model. First, the only consumption data which is consistently available across countries on a quarterly basis measures total (durables and non-durables) consumption expenditure by domestic residents. As will become clear in the next section, the consumption we measure in the model has no durability aspects so the matching of the model to t he data is imperfect. One way out of this impasse is to include durable consumption goods in the model, as e.g. in Dunn and Singleton (1986) . Because the level of complication introduced by t h i s a dditional feature is substantial, I do not follow this approach. One simple alternative i s t o v erify that the proportion of durables to nondurables in consumption is stable over time and that the variability of the two c o mponents is not too dierent. I f t his is the case, the correlation properties of total consumption will not be v ery dierent from those of nondurables and services. For those countries for which d isaggregated consumption data exist (US, UK, J apan, F rance) I do nd that the proportion of durables in total consumption expenditure is increasing, but not substantially. H o wever, the variability of the two components diers, with durables being more cyclical than nondurables and services. This may therefore induce an upward bias in t he estimates we report in panels A and B of table 1. Nevertheless, the order of magnitude of the dierence is not so large as to cause great concern. For example, the correlation between US and UK consumption of nondurables is at most 1 10% dierent from the correlation of total consumption, regardless of the detrending method .
The Model
The model we employ to account for the e x i sting pattern of consumption and output correlations is the same as in Baxter and Crucini (1993) . It is a two-country model with a single consumption good. Each c o u n try is populated by a large number of identical agents and labor is assumed to be immobile across countries. Preferences of the representative agent of country h = 1; 2 are given by: 1 A second and more important problem concerns the measurement of consumption. It is well known that consumption data sampled at ne intervals contains a s u b s tantial amount of measurement error which is correlated over time. This measurement error may b l u r t h e true features of cross country consumption correlations. In addition, as noted by W i l cox (1992), measurement error may be a more severe problem than previously noted because quarterly consumption data are interpolated by statistical agencies using consumption measurements obtained every ve years and monthly sales data. Apart from the statistical distortions which m a y b e i n troduced because of this interpolation (e.g. consumption may be excessively smooth), it may well be that dierent c o u n tries use dierent i n terpolating algorithms and that the actual measurement of consumption is undertaken at dierent p o i n ts in time. This last possibility is particularly problematic since the true features of actual consumption correlations may be completely distorted when series with dierent b a s e y ears are interpolated and compared. Because no information is available on this issue, I undertake n o a d j ustment. However, it should be clear that the presence of measurement errors in consumption both within and across countries constitutes a serious problem when it comes to verifying the empirical validity of a theoretical model, especially when the frequency of available data does not correspond to the frequency of agents' decisions.
parameter determining the substitutability (or the complementarity) between private and public expenditure (as in Ashauer (1985)).
There are many ways in w h i ch government activity may aect private decisions. Ashauer (1989), Barro and Sala-i-Martin (1990) and Baxter and King (1993) have considered h ow the provision of infrastructures and other expenditures in public capital formation aect the productivity of private factors and private output. Here I follow another strand of literature, initially considered by Barro (1981) and further examined by Ashauer (1985) , Barro (1989) and others: government expenditure on goods and services is not productive b u t yields direct utility for the agents of their own country via a linear technology which transforms government consumption into consumption goods for private use. When = 0 government h consumption does not aect utility, while when g 0 < 1, government and private domestic consumption a re substitutes and when < 0 they progress with deterministic growth r a te equal to . Production requires domestic labor a nd capital inputs and is subject to a t e c hnological disturbance A whose properties will be described later ht on.
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Capital goods are accumulated according to: The economy wide resource constraint i s g iven by:
where we h a ve implicitly accounted for the fact that new investment i s c ostly a n d where is the share of agents living in country 1. The world economy i s subject to a 4 2 1 vector of shocks w = [A ; g ] where w is a homoskedastic process with conditional mean E (w ) = w and t ht ht t t t t01
variance .
There is some empirical evidence (Costello (1993) ) that productivity disturbances have small but important cross country lagged eects which are asymmetric and that they are somewhat contemporaneously correlated. There is also some evidence that productivity disturbances and government expenditure shocks may be negatively correlated within countries (see Finn (1991) or Christiano and Eichenbaum (1992) ). To account for these eects I let the and m a trices have a general structure and perform simulations for various restricted specications.
Finally, as in BKK (1992) and Baxter and Crucini (1993) , I assume complete nancial markets and free mobility of nancial capital across countries. While this assumption may appear u nrealistic, it provides a useful benchmark to evaluate the model in the ideal situation where frictions, in the form of transaction costs, appear only in the goods market (for an alternative setup see Baxter and Crucini (1995) or Kollman (1995) ).
To n d a solution to the model I rst detrend those variables which drift over time by taking ratios of the original variables with respect to the labor augmenting technological progress, e.g. Y ht y = , etc. Second, since there are distortionary taxes i n the model, the competitive equilibrium ht X ht is not Pareto optimal and the competitive solution diers from the social planner's solution. To solve for the competitive equilibrium I therefore solve the problem faced by a pseudo social planner, modifying the optimality c onditions to take care of the distortions. The weights in t h e social planner problem are free parameters. For countries which are otherwise identical, they will be chosen to be proportional to the initial population size of e a c h country. The modied optimality conditions are then approximated with a log-linear expansion around the steady state as in King, Plosser and Rebelo (1988) . Time series for aggregate consumption and output in each country are computed analytically from the approximate optimality c o nditions and international correlations are computed by passing simulated time series through the same three detrending methods we h a ve used on the actual data.
Calibration and Some Discussion
To facilitate t he comparison with the existing literature, the model is calibrated to two situations, one where the two countries have the same stochastic driving processes as the US and Canada (as in DGS (1992)) and one where they replicate the stochastic processes of the US and Europe ( as in BKK (1992)). These two situations represent two very diverse environments since the US has a share of world output which is ten times as large as C anada (42.8% vs 4.1%) while it has about the same share of world output as the EEC (42.8% vs 37.1%). Note also that the deep parameters of the model calibrated to the long run averages of the data in the three economies are very similar (see e.g. DGS (1992), BBK (1992), Mendoza (1991) , Cardia (1991) o r Canova and Marrinan (1996) ). This helps to justify the abstraction of taking the countries in the articial economy to be identical in terms of preferences and technologies while allowing for some heterogeneity in the specications of their exogenous driving forces.
Many of the parameters used in the two situations, which we present in table 3, are very similar to those employed in the above studies and do not require much discussion: , the labour x augmenting technological progress is set to 1.004, the steady state level of hours N to 0.2, the steady state share of government expenditure in output s to 0.2, the tax rate to 0.3, the share of labor in g the production function (1 0) to 0.58 for the US-Canada pair and t o 0.60 for the US-Europe pair.
Finally, the steady state real interest rate R is set to 6 . 5 % per year. Those parameters for which no previous measurement is available are xed a-priori. These parameters are: , the elasticity of the investment-capital ratio to Tobin's Q, which is set to -0.075, the steady state v alue of Tobin's Q, set equal to 1.0, both of which are the values employed by Baxter and Crucini (1993) , and the depreciation o f capital, s et equal to 0.025 per quarter. Finally, following tradition in the empirical real business cycle literature, the risk aversion parameter, , is set equal to 2.
Kormendi (1983), Ashauer (1985) and Barro (1989) The i nitial s e t of simulations are performed for a situation where countries dier only in their size, in which case and are symmetric. The parameters for the process for technology disturbances are from BKK and DGS. The parameters for government disturbances are from my own estimates. At a second stage I also allow some asymmetries in the exogenous processes across countries.
As emphasized in Gregory and Smith (1991), Canova (1994) and others, to take the conclusions of calibration exercises seriously one must provide some analysis of the sensitivity of the results to variations of the parameters in a neighborhood of the calibrated values. This is because conclusions drawn f r o m this type of exercise often neglect the fact that a calibrator has available only estimates of the parameters of i nterest (and in some cases not even that) and that parameter uncertainty and selection biases may be important in determining the quality of the results. For this reason, I undertake an informal sensitivity analysis on the outcomes of the model by replicating the basic set of experiments for values of the parameters within a reasonable range. Here, I will present sensitivity results when I vary some o f the private sector parameters which are xed a-priori (; ), and some of the parameters of the AR representation of the disturbances and their covariance matrix.
In describing the outcomes of the experiments I adopt the same probabilistic approach of DGS and present the approximate 90% condence interval (constructed from the 5th to the 95th percentile) of the empirical density functions o f s i m ulated cross country consumption correlations and output correlations. This range provides a measure of the spread of the simulated distributions which can be compared with a normal condence range constructed from the entries of tables 1 and 2. To measure how f ar the model is from t he data I also report a p -v alue which, for each model specication, represents the probability o f n d i n g a c r oss country correlation which i s l e s s than or equal t o t h e c o rresponding sample cross country correlation. This p-value is the proportion of replications for which the simulated cross country correlation is less than the historical value. Several features of the table deserve comment. First, the results are only slightly sensitive t o the size of the two countries and to the exact data generating process f o r t he exogenous variables of the model. The range of consumption correlations is slightly higher when = 0 :9 a nd when the driving processes are calibrated to m a tch the properties of technology and of government expenditure disturbances in the US and Canada but dierences are minor. This r e s u l t m a y s e e m a little surprising in light o f t hose obtained by H e a d (1992) or Baxter and Crucini (1993) , where i t i s argued that when a country accounts for a large portion of world output it is less able to smooth its consumption prole by borrowing abroad because of its impact on w orld outputs and interest rates. However, it should be stressed that they consider only idiosyncratic shocks which are specic to the large country, while here w e a re considering disturbances to both countries which match t h e stochastic p r o cesses of the two types of disturbances we see in the data so results a r e n ot directly comparable.
Second, a model driven only b y t echnology shocks generates (i) almost perfect international consumption correlations regardless of the size of the country and the autocorrelation properties of technology disturbances and (ii) a distribution of output correlations with a median value between 0.1 and 0.4 depending on the detrending method. Both are clearly at odds with the data. A model driven o n l y by government expenditure shocks, on the other hand, has some potential to generate (i) the type of consumption correlations we observe in the data and (ii) the relative ranking of cross country consumption and output correlations. In particular, when is between 0.5 a nd 1.0, the g 90% condence range for c r o ss country consumption correlations generated by the model covers the cross-country range of observed international consumption correlations, regardless of the method employed to detrend the data. Moreover, cross country consumption correlations are, on average, smaller than output correlations for HP detrended data and as big as output correlations with LT and FOD detrended data.
Third, as increases, the i mportance of government expenditure shocks on private consumpg tion correlations increases. To understand why this is the case it is useful to note that when the income eect on leisure is positive, government expenditure shocks have two eects on private agents' decisions. First, a s g o vernment e x p enditure increases given investment, agents experience an income reduction ( w ealth eect) which induces them to w ork harder. This increases hours, output and makes private consumption fall. Second, increases in government expenditure induce direct changes on investment which, in turn, produce an indirect eect on hours, output and consumption. The sign of the direct eect on investments depends on whether changes in government expenditure are permanent o r t ransitory. I f t he changes are permanent, s t eady state labor supply is shifted, investment increases and in the new steady state the capital/labor ratio is constant. If changes are transitory, i n vestment decreases so that the composite c hange in hours and output is smaller relative t o the change that occurs when shocks are permanent. In both cases domestic consumption drops and, because of risk sharing, foreign private consumption will decrease as well. Finally, the eect on foreign output depends on whether i n vestment increases or decreases. These are the dynamics following a government expenditure disturbance when government expenditure does not enter the utility f u n ction of a gents. However, when 6 = 0 an increase in g government expenditure increases private agents' utility. This increase has two consequences. First, because the w ealth eect is smaller, changes in government consumption have a smaller eect on labor supply. Therefore, the lagged dynamics of the model are h a m pered. Second, because the reduction in private consumption is compensated for by the increase in government consumption, and because agents are indierent between private and public consumption, private consumption decreases more relative to the case when = 0. This s econd eect is not shared across countries eects depends on the persistence and the variability of government expenditure shocks and on the spillover eects of the two shocks across countries. As approaches 1, government expenditure g shocks do not induce lagged dynamics in the system, as their eect on labor supply and investment fades, and they perfectly crowd out private consumption.
This interesting feature of the model, which is present w hen government consumption shocks drive t he economy, disappears when we allow f o r both government and technology disturbances to be present. With a realistic parameterization the generated consumption correlations are very similar t o t he ones generated by a m odel where only technology shocks are present i n t he economy. This does not come as a surprise since technology shocks are f our times as v olatile as government expenditure shocks and they clearly constitute the dominant s ource of uctuations in the simulations.
Finally, the ability o f t he model to reproduce the data i s n o t v ery sensitive t o t he detrending method employed. Hence, the dierences we noted in table 1 are due to t h e f act that dierent detrending methods extract cycles of dierent duration from the data. When the data generated by the m o del is passed through the same lters used to detrend actual data, similar qualitative dierences emerge.
To summarize, this rst set of simulation results indicates that when only government consumption shocks drive the economy and is at some intermediate value between 0 . 5 a n d 1.0, the model g generates private consumption correlations which are within the range of international private consumption correlations found in the data a nd the ranking between cross country consumption and output correlations correctly reproduces the ranking we nd in the real w orld. With the adopted parameterization, government consumption expenditure plays the role of a nontraded good which is nonseparable with private consumption in the utility of agents and can therefore drive a w edge between the time prole of private consumptions across countries. However, when only technology shocks drive the economy or when both government expenditure and technology shocks drive the economy, t he model grossly fails to reproduce the data.
A Sensitivity Analysis
For sensitivity analysis I have examined how the distribution of simulated international consumption and output correlations changes when I vary some of the parameters which were either xed apriori or measured with substantial error. I report only a subset of the simulations performed with the most interesting cases summarized in tables 5.1-5.4. The tables report the eects of increasing the adjustment cost parameter from = 00:075 to = 00:01, of increasing the risk aversion p arameter from 2.0 to 10.0, of reducing the persistence and of increasing the variability of government expenditure disturbances, and of allowing the parameters of t he exogenous processes to be country specic. A comparison of tables 4 and 5.1 indicates that the results obtained are somewhat sensitive t o the choice of the adjustment cost parameter. Increasing the value of the adjustment cost parameter has the eect of decreasing somewhat international c o nsumption and output correlations regardless of the size of the country and, to a large extent, the source of disturbances. This should not come as a surprise since the higher are the costs o f i n s t alling or moving capital, the lower is the incentive to smooth c o nsumption via international t rade in investment g oods. I n p r actice, by increasing this parameter to very high values w e c an generate arbitrarily low consumption and output correlations. However, because the value of -0.075 is such that the volatility of simulated investment r e l ative to simulated output is approximately t h e same as t he volatility of actual investment relative t o actual output, it is clear that the range of \realistic" values of is relatively small.
Increasing the risk aversion parameter to a value similar to w h a t is needed to solve the equity premium puzzle (see Mehra and Prescott (1985) ) also has the eect of changing both the location and the spread of the simulated cross country consumption and output correlations, regardless of the detrending method employed. The direction of the c hanges, however, depends on the size of the countries: for = 0:5 the 90% range is smaller and the median is larger, for = 0:9 the opposite is true. Intuitively, these results occur because when risk aversion is higher, the intertemporal substitution of leisure, which is the engine generating most of the dynamics of the model when government expenditure shocks drive the economy, is lower. Hence, for a given value of and g of the variability of the shocks, the crowding out eect of government disturbances is stronger the larger is the dierence in the sizes of the two countries and the magnitude of simulated international consumption and output correlations is reduced.
The literature discussing the eects of government expenditure shocks in general equilibrium models had put substantial emphasis o n the dierential eects of transitory vs. persistent disturbances (see e.g. Barro (1981) ). Recent w ork by Aiyagari, Christiano and Eichenbaum (1992) and Baxter and King (1993) suggests that there are not major qualitative dierences between these two d i erent types of government shocks and instead concentrates on the quantitative dierences produced by dierent p ersistence parameters. Because these analyses were concerned with c l osed economy frameworks, we believe i t i s i nteresting to examine whether permanent and transitory government disturbances produce qualitatively dierent results for the questions of interest in this paper. Consistent with their conclusions, table 5.3 i n d i c a t es t hat reducing the persistence of government disturbances does not change the qualitative features of our results. In particular, it is still the case that for around 0.8 a n d w hen only government d i s t urbances exist, the model reproduces g the data p r etty w ell. However, when both disturbances are present, the importance of government disturbances for the magnitude of i n ternational consumption correlations fades. But, consistent with intuition, t h e more transitory government expenditure disturbances are, the more frequently a wedge between the time prole of domestic and foreign private consumption is generated, and, as a consequence, the lower are international private consumption correlations, given the size of the two countries, the adjustment cost parameter and the relative magnitude o f the variances of the two types of disturbances. Note also that, as expected, cross country output correlations are smaller when decreases from 0.95 t o 0.2. g Next, I ask what is the variability of government expenditure disturbances that is needed in a model where both government expenditure and technology shocks are present to generate crosscountry consumption correlations which r eplicate the available evidence. I nd, consistent with Ravn (1993) , that only if the variability of government expenditure disturbances were 100 times larger than the one estimated from the data, would the model be a b l e t o replicate the quantitative features of i nternational consumption correlations. To put the result in another way, to match actual consumption correlations and the relative ranking of international consumption and output correlations with a model where both government and technology shocks are present, we need a variability of government spending around 6% of its mean share, a value which is not observed in any i ndustrialized country. Note again that the results are broadly robust to country size and to the magnitude of the adjustment cost parameter and are independent of the detrending method employed to induce stationarity in the data.
Finally, it is interesting to ask whether the assumption that heterogeneity enters the model only through dierences in country size has any implications f o r the qualitative features of the results and for the magnitude of cross country consumption correlations. The additional source of heterogeneity I consider is limited to the parameters of t he exogenous forces. Canova and Marrinan (1996) shows that f o r a m o r e complicated model, existing heterogeneity in the deep parameters is very modest and that results are unaected by c hanges of the parameters in the range o f t h e estimates obtained for the US, Canada and Europe. This suggests that the approximation that countries may d i er primarily because of their size and exogenous disturbances, instead of their allocative and productive parameters, is somewhat justied.
Allowing for asymmetries in the stochastic processes governing the exogenous shocks does not help much i n b r i nging simulated cross country consumption correlations more in line with actual correlations regardless of the size of the countries, the value of the adjustment cost parameter and the detrending method. In a l l c a s es considered, the qualitative features of the results remain even though the international consumption correlations generated by a m o del with asymmetric driving forces are slightly smaller than in the baseline case. Note however that dierences relative to the benchmark case presented in table 4 are signicant only when approaches 1. Note also that this g occurs despite the fact that the asymmetries introduced are relatively small. I have also conducted several other additional s e nsitivity experiments, varying the taxes rates from 0.3 to 0.5 and to 0.0, changing the steady state share of government consumption in output from 0.2 t o 0.4 and 0.0, varying the value of up to 0.75 and decreasing the steady state real rate of interest to 4% per year. None of these changes produced appreciable c hanges in the distribution of international private consumption and output correlations from the benchmark cases reported in table 4.
Conclusions
This paper analyzed whether the introduction of government expenditure shocks in a standard one good international real business cycle model can account for the pattern of international private consumption and output correlations we observe in the real world. The results show t hat when government expenditure shocks are the o n l y source of business cycle uctuations and government expenditure enters the utility function of agents and is highly substitutable with private consumption, the model has some potential in explaining, both q u alitatively and quantitatively, the observed correlations. However, when both g o vernment expenditure and technology disturbances are present, t he model can not reproduce the international correlations we see in the data, regardless of h o w substitutable are government and private consumption in the utility o f a gents, unless the variability o f g o vernment expenditure s h o c ks is o f a n order of magnitude larger than what we see in the data.
I h a ve a lso tried to identify the parameters which appear to be more important i n b r i n g ing simulated correlations more in line with actual ones. These are the parameter regulating the sub-stitutability between p rivate and public consumption , the variability of government consumption g expenditure, the elasticity o f the investment capital ratio t o c hanges in Tobin's Q and the parameters regulating the bivariate s t ochastic process of the technology disturbances across countries.
Increasing the rst three parameters from their b enchmark calibrated values leads to a location shift in the simulated distribution of international consumption and output correlations, while increasing the asymmetries leads to b oth a location and a dispersion shift. Because some of these parameters are very imprecisely estimated or no measurement exists, the results suggest the need of conducting empirical work aimed at getting a rmer grasp of their magnitude.
Because the scope of the paper was to examine the eect of government consumption disturbances on international private consumption correlations, I did not report the implications of the model for other important business cycle regularities (for this exercise, see in part, Baxter and Crucini (1993) and (1995)). Nor did I address any of the other deciencies, such a s the price puzzle 1.00 1.00 1.00 1.00 1.00 1.00
Notes: The rst (third) row o f e a c h s i m ulation reports the 90% range of the simulated cross country consumption (output) distribution, the second (fourth) the probability that the model generates the value we o b s e r v e i n the actual data. Notes: The rst (third) row o f e a c h s i m ulation reports the 90% range of the simulated cross country consumption (output) distribution, the second (fourth) the probability that the model generates the value we o b s e r v e i n the actual data. Notes: The rst (third) row o f e a c h s i m ulation reports the 90% range of the simulated cross country consumption (output) distribution, the second (fourth) the probability that the model generates the value we o b s e r v e i n the actual data. Notes: The rst (third) row o f e a c h s i m ulation reports the 90% range of the simulated cross country consumption (output) distribution, the second (fourth) the probability that the model generates the value we o b s e r v e i n the actual data. Notes: The rst (third) row o f e a c h s i m ulation reports the 90% range of the simulated cross country consumption (output) distribution, the second (fourth) the probability that the model generates the value we o b s e r v e i n the actual data.
